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Abstract 
The paper examines the power excitation of tool and workpiece subsystems during machining as a combination of elastic and 
dissipative components. The results of experimental studies show that it is possible to influence the structure of the excitation in 
the cutting zone as well as the oscillation process composition by changing the machining parameters. 
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1. Introduction 
The aim of machining is to obtain high-quality products at its peak performance. High processing performance is 
achieved through intensification of the cutting process. However, here there is a traditional problem of two 
interrelated categories: high material removal rate often reduces the quality of machined surfaces. 
Technological equipment can lose its dynamic stability in limit modes. The loss of stability is accompanied by 
intense vibration in the cutting system. In such circumstances, the likelihood of tool breakage increases, and there 
arise difficulties in achieving high processing quality. 
The cutting dynamics in machining is influenced by numerous factors: from the cutting tool properties and the 
processed material characteristics to the dynamic characteristics of the process equipment. Therefore, at the same 
material removal rate but with different combinations of cutting speed, depth of cut and feed, it is possible to obtain 
different results in terms of processing quality. 
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The object of attention in this article are the factors that form motion conditions of the cutting elements in the 
treated material and can affect the processing dynamics differently on different machines. 
Motion parameters of the cutting part of the tool in the treated material have a significant impact on deformation 
processes during machining. The main parameters here are the rate of the deformation processes in the cutting area 
and their three-dimension localization which are formed by treatment regimen. 
Thus, the processing mode and the dynamic state of the processing equipment should be mentioned among the 
main factors that influence the dynamics of the cutting process and are related to the processing equipment 
characteristics. The article discusses aspects of machining quality and productivity on the basis of the analysis of 
related factors in ‘processing mode - cutting process - oscillatory process’ system. 
2. Rationale 
A lot of researchers show special attention to the problems of chip formation process in machining and emerging 
dynamic phenomena in machines.  Examination of these issues involves a whole set of such processes and factors 
as: 
x cutting process mechanics; 
x the structure of tool and workpiece subsystems disturbance formed by the cutting process; 
x the impact of the characteristics of visco-elastic environment of tool-workpiece contact area on dynamic 
properties of the cutting system; 
x oscillation formation in the tool and workpiece subsystems; 
x methods and means of extracting information from the oscillation process signal disturbed in the tool and 
workpiece subsystems. 
The issues of chip formation mechanics and cutting instability manifestations during machining are reflected in 
[1,2]. The authors emphasize that the technological system of machining belongs to a class of vibration activity 
systems and has low dissipation. Cutting process has the biggest disturbing potential. Dynamic cutting system under 
intensive treatment modes is prone to buckling. Fluctuations formed in the cutting system can have a significant 
effect on tool life, processing performance and the quality of the treated surface. Self-oscillations can reach such 
high intensity that the cutting process may not be possible. 
Chip formation occurs in a plastic shear of the treated material elements. There are two stages:  the deformation 
to the shear plane and metal shift on the shear plane. Friction process is of high importance. It is viewed as two 
components. External friction component is generated by the sliding of the cutting tool elements on the treated 
material. Inner component is formed by the friction between the shifted elements of a deformable metal. In 
accordance with the proposed three-element chip formation model elastic and viscous disturbance components are 
formed in the cutting area. Their ratio can be influenced by the dynamic characteristics of workpiece and tool 
subsystems as well as the processing mode. Therefore, the issues of optimal settings of the processing equipment in 
the operating area must be matched and compatible with processing equipment capacities to provide machining 
without self-oscillatory process formation. Issues of self-oscillating process modeling for machining are discussed in 
[3-5]. 
An important place in the study of dynamic phenomena is given to oscillatory processes signal analysis issues. 
The oscillatory process is a dynamic system response to the disturbance of the cutting process in accordance with its 
dynamic properties. Therefore, the oscillation process signal carries important information about the state of the 
dynamic cutting system. Studies of self-oscillating modes and oscillating processes are discussed in works [3,6,7]. 
In general, it can be noted that the dynamic phenomena in machining belong to a very complex research field 
which has already been developing for several decades. There are many scientific schools that deal with machining 
dynamics and contribute significantly to the existing knowledge base. However, many issues remain unresolved. 
Therefore, research in the field of physical modeling and mathematical description of the dynamic phenomena in 
machining, stability of dynamic cutting systems, relations between the characteristics of the oscillation process and 
indicators of the cutting process quality, managing the processing quality as well as many other issues are still 
relevant. 
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3. Problem statement 
During machining, complex processes of elastic and plastic deformation of the treated material that form a 
significant power impact on the tool and workpiece mechanical systems occur in the cutting area. On the initial 
stage of chip formation the process of elastic deformation of the processed material dominates, and it has a 
significant disturbance and rock impact on the tool and workpiece subsystem. Then it turns into a viscous flow of 
the material that introduces dissipative properties in the cutting system. Since the chip formation takes place 
continuously, both processes are present during cutting. The power ratio between the elastic and plastic deformation 
of the material being processed is not fixed and depends on cutting conditions 
In terms of processing dynamics, the cutting process can be regarded as a movement of the cutting tool elements 
in the visco-elastic medium. Disturbance that can be represented as a combination of elastic and dissipative 
components is formed in this environment. Therefore, the machining dynamics should be viewed taking into 
account the following aspects:  
x the cutting process is part of the dynamic cutting system and its elastic and dissipative characteristics make a 
definite contribution to the formation of this system general dynamic properties; 
x Cutting process has significant nonlinear properties and is a powerful disturbing factor of tool and workpiece 
subsystems; 
x dynamic links with elastic and dissipative or viscous component structure are formed between the tool and 
workpiece subsystems.   
The formation of elastic and dissipative connections in cutting is influenced by many factors. We identified the 
ones which are of interest in accordance with the subject of the present article: 
x processing mode that specifies motion conditions of the cutting tool wedge in the treated material; 
x strength and tribological characteristics of the "tool-workpiece" pair  that determine the interaction conditions of 
the tool cutting elements with a deformable material being processed; 
x elastic-dissipative disturbance structure of the tool and a workpiece subsystems. 
Among the main factors affecting the machining dynamics, we can distinguish the processing mode, tribological 
characteristics of the "tool-workpiece" pair and dynamic parameters of the cutting system. With the above 
representations of machining process dynamics, the following tasks have been set: 
x to develop indicators for the evaluation of the oscillatory process composition in machining; 
x perform a study of the impact of processing mode and the tool cutting properties on the composition of the 
oscillation process. 
4. Oscillatory signal processing 
The choice of tools for analyzing the oscillation process composition and extracting useful information is an 
important task in the study of oscillations. Works [4,5] reveal some approaches to describing oscillatory processes 
and particularities of interaction between various vibration components. Works [6,7] provide the results of the study 
of oscillation synchronization mode at chaotic interaction of coupled oscillators. The analysis of the relation of 
vibration components with characteristics of the mechanical forming machine units is essential in the study of 
vibrations in machining. The complexity of the oscillatory process analysis lies in the fact that its structure is 
influenced by many factors and it includes stochastic components as well as regular ones. The stochastic 
components are caused by nonlinear processes of elastic-plastic deformation of the material being processed in the 
cutting area. Regular components may occur in the conditions of the processing modes that bring dynamic cutting 
system to the stability boundary. They can have a stable self-oscillating nature or take the form of unstable 
oscillations at the natural frequencies of the dynamic cutting system. Therefore, identifying a regular component in 
the oscillatory process constitutes a relevant task of its evaluation. 
In order to detect oscillation regular component, it is appropriate to use a phase diagram which can be obtained 
from the vibration process signal. The spectral decomposition of the signal allows to present it as a finite sum of 
harmonic components: 
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where:  i – serial number of points in the implementation process of the vibrational signal;  j – harmonic order; n – 
the number of points in the signal implementation; Amj and Fmj – expansion coefficients. 
Converters based on the piezoelectric effect are often used when registering vibrations. Then, the resulting 
function Y describes the acceleration of the object. On this basis, you can get functions of velocity V and 
displacement X of the object:  
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The resulting arrays of velocity and displacement after normalization and reduction to one level provide an 
opportunity to build a phase diagram of the dynamic cutting system movements along the coordinate under study. 
The current position of the representative point in the phase diagram is determined by a pair of coordinates with the 
same indices in arrays X and V. In the circular coordinate system, they will have the following values 
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where xi and vi  – elements of arrays (2) and (3). 
Figure 1 shows phase diagrams of the oscillation distribution of the same duration at various fillings of random 
process regular component. Figure 1,a shows the diagram of a random process, while Figure 1,b and Figure 1,c 
show the diagrams of a random process with filling of regular components. As follows from the analysis of these 
diagrams, increase in the regular component level in random signal leads to higher density of the phase plane points. 
 
 
Fig. 1. Circular fields of signal distribution with different filling of regular component 
If we divide the phase diagram into circular cells, the density of the cells filling can be assessed by the ratio nz/z, 
where z is the number of cells of distribution field, nz is the number of filled cells. Then regular component 
coefficient Kz in oscillatory process can be calculated by the formula: 
1 zz
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K
z
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5. Experimental studies 
Processing mode determines movement conditions of the cutting elements in the processed material and affects 
the cutting process excitatory property. Evaluation of the processing mode influence on the oscillatory process 
composition was performed with the use of two groups of modes. As an indicator of conditional processing intensity 
Iy, we applied the product of cutting mode elements:  
yI S t n    ,  (6) 
where S – traverse; t – cutting depth; n – spindle RPM. 
The first mode group ensured the conditional intensity of treatment Iy=88, and the second group – Iy=44 standard 
units. The share of the regular component in the signal oscillation process was evaluated by regular component 
coefficient Kz which was calculated from (4).  
Data processing results are shown in Figure 2. Among the processing mode elements affecting the vibration 
regular component, spindle speed was accentuated. 
 
Fig. 2. Influence of the treatment mode on the regular component in vibration process: 1 – Iy =88;  2 – Iy =44 
As can be seen from the graphs, treatment modes of the same conditional intensity but with a different 
combination of spindle rpm, feed and depth of cut lead to a different oscillatory process of regular component. 
According to the criterion of Kz value, within given mode groups there can be identified optimal modes (Iy=44: t=1; 
n=400; S=0,11; Kz=0,323) and (Iy=88: t=2; n=315; S=0,14; Kz=0,309). Among suboptimal modes there are (Iy=44: 
t=2; n=200; S=0,11; Kz=0,735) and (Iy=88; t=1; n=800; S=0,11; Kz =0,579). 
Another important factor influencing the cutting dynamics are the tool cutting properties. They depend on the 
cutting elements geometry and tribological characteristics of ‘tool - workpiece’ pair. Application of various anti-
friction coatings reduces frictional forces and chip formation energy costs. This, in turn, should have its impact on 
the structure of the elastic-dissipative disturbance of the tool and workpiece subsystems as well as on the vibration 
process.  
Figure 3 shows the comparison of vibration process signal processing with two inserts with different cutting 
properties. They were obtained by statistical analysis of the oscillation records for two tools using combinations of 
48 cutting modes. Tool ʋ1 was equipped with conventional inserts, while tool ʋ2 contained inserts with anti-
friction coating. Assessment of regular components was carried out with the help of coefficient  Kz value. 
As follows from the analysis of the graphs, tool ʋ2 provides a significant decrease in the level of regular 
components in the oscillatory process. This means greater stability of cutting process and increase in dynamic 
stability of the technological equipment in case of using the tool equipped with cutting inserts with anti-friction 
coating. The observed changes in the oscillatory process while using anti-friction coating plates should be linked to 
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the restructuring of the process of elastic-plastic deformation of the processed material and the disturbance structure 
which are formed in the cutting area. 
 
Fig. 3. Influence of cutting tool properties on the regular component in vibration process: 1 -  tool ʋ1;  2 -  tool ʋ2 
6. Conclusion 
It is appropriate to view the disturbance formed at the elastic-plastic deformation of the processed material as a 
combination of two components: 
x elastic components rocking the cutting system; 
x dissipative components formed as a result of viscous flow of the processed material and contributing to the 
dissipation of the cutting system. 
The correlation between these disturbance components has a significant impact on the machining dynamics and 
excited oscillation process in the tool and workpiece subsystems. It is shown that the change of the treatment mode 
can influence the regular component in the oscillatory process, which is essential for the quality of machining. 
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